However, morphine has long been feared by the general public and by doctors. Concerns about addiction and tolerance are common among cancer patients. Hodes questioned 40 patients with metastatic cancer taking opioids and their spouses on a variety of issues related to cancer pain. Forty-five percent of patients and 43% of their spouses reported either moderate or extreme concern about addiction to their medications, and concerns about tolerance were expressed by 50% of patients and 63% of their spouses. 40 Recent interest in euthanasia has resulted in media coverage that portrays morphine as the physician's ultimate weapon to cause respiratory depression and subsequent death in patients who are terminally ill. 3 32 Fears evoked by these concerns may have an impact on compliance with regular analgesia and medication for breakthrough pain.
Current interest in the prescription of opioids for non-malignant pain and in the development of potential guidelines in this area has also made the complex phenomena of tolerance, physical dependence and addiction increasingly important to the clinician. 35 62 71 73 75 (Br. J. Anaesth. 1998; 81: [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] Keywords: analgesics opioid; pain, chronic; cancer; children; opioid addiction; opioid tolerance
Nomenclature of tolerance and related phenomena
Confusion exists among physicians who treat patients with cancer pain about the definitions of tolerance and related phenomena, 47 97 and understanding of the precise terminology is important.
TOLERANCE
Tolerance refers to a phenomenon in which exposure to a drug results in the diminution of an effect or the need for a higher dose to maintain an effect. 45 There are various types of tolerance, as shown in table 1. 67 Innate tolerance refers to the genetically determined sensitivity (or lack of sensitivity) to a drug that is observed the first time that the drug is administered. Acquired tolerance can be divided into three types: pharmacokinetic, pharmacodynamic and learned tolerance.
Pharmacokinetic or dispositional tolerance refers to changes in the distribution or metabolism of the drug after repeated drug administrations that result in reduced concentrations in the blood and subsequently at the sites of drug action. The most common mechanism is an increase in the rate of metabolism of the drug, as in the case of barbiturates.
Pharmacodynamic tolerance refers to adaptive changes that have taken place within systems affected by the drug, such as drug-induced changes in receptor density, so that response to a given concentration of the drug is reduced.
Learned tolerance refers to a reduction in the effects of a drug as a result of compensatory mechanisms that are learned. One type of learned tolerance is behavioural tolerance. This describes the skills that can be developed through repeated attempts to function when in a state of mild to moderate intoxication -a common example is learning to walk a straight line in spite of motor impairment produced by alcohol intoxication. This probably involves both acquisition of motor skills and a learned awareness of the deficit that causes the individual to walk more carefully.
A special case of behavioural tolerance is referred to as conditioned tolerance. Conditioned tolerance (situation-specific tolerance) is a learning mechanism that develops when environmental cues are consistently paired with the administration of the drug. When a drug affects homoeostatic balance by producing sedation and changes in blood pressure, heart rate and gut motility, there is usually a reflex counteraction or adaptation that attempts to restore the status quo. If the drug is always preceded by the same cues, the adaptive response to the drug will be learned and this will prevent the full manifestation of the drug's effect (tolerance). If the drug is taken under novel circumstances, tolerance is reduced and the drug's effect enhanced.
Tolerance to opioids is characterized by a shortened duration and decreased intensity of the analgesia, euphoria, sedation and other effects caused by depression of the central nervous system, as well as by marked elevation in the average lethal dose. 45 
Animal studies
Tolerance to the antinociceptive effects of opioid drugs is easily demonstrated in animal models. 7 16 102 In a variety of animal species, using varied nociceptive endpoints, the administration of opioids will evoke a powerful dose-dependent increase in the latency with which the animal will respond to thermal, mechanical and chemical stimuli. Repeated exposure of the animal to the opioid will result in a decrease in the effect produced by a given dose of the drug, in terms of the magnitude of effect or of the duration of action and, where examined, a shift to the right in the dose-response curve.
Studies on animals undergoing continuous opioid infusions by various routes have shown tolerance to be pharmacodynamic, time-and dose-dependent, receptor-specific and apparently reversible if the agonist is removed. 86 88 102 Recent work in mice has shown that both competitive and non-competitive N-methyl-D-aspartate (NMDA) receptor antagonists block the development of antinociceptive tolerance to morphine, but not of that to fentanyl nor to a delta selective agonist. 7 This study suggests that there may be significant mechanistic differences between the development of tolerance to morphine (with affinity at mu, delta and kappa receptors) and more selective mu agonists. The indications are that blocking of opioid tolerance by NMDA antagonists is not a general phenomenon but appears selective for tolerance induced by morphine. The potentially significant clinical implications of this have not yet been investigated. The use of ketamine in severe cancer pain uncontrolled by opioid analgesia has been described, 15 and use of this drug in difficult pain problems is increasing.
Morphine self-administration in rats with adjuvantinduced arthritis has been studied in an attempt to evaluate the development of morphine tolerance in a model of chronic pain. 54 Arthritic rats self-injected less morphine than pain-free rats and their dose remained stable over 29 days, in contrast with pain-free rats who escalated their morphine dose. Bolus doses of the anti-inflammatory drug indomethacin early in this study led to reduced morphine intake. However, with the reduction of the adjuvant-induced arthritis, arthritic rats rapidly increased their opioid intake and the administration of indomethacin did not reduce this. The authors postulated that arthritic and painfree rats self-administer morphine initially for qualitatively different positive reinforcement. The initial positive reinforcement in arthritic rats may be analgesia -hence the dose stability and the reduction seen with administration of indomethacin. As the pain dissipates, the animals in the arthritic group may inject morphine for other positive reinforcing properties, such as euphoria or to prevent withdrawal symptoms. The investigators suggest that the presence of pain has a significant influence on the development of tolerance in these animals.
Colpaert has also postulated that chronic nociceptive stimulation acts to antagonize the apparent tolerance otherwise associated with prolonged opioid administration and proposed the system theory as an alternative model.
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Human studies and clinical observations in man
Assessment of the opioid tolerance of patients in pain is constrained by numerous difficulties, and few studies have directly examined the rate of development of tolerance to the analgesic effects of opioids in man.
ACUTE TOLERANCE
Studies on acute tolerance in man have yielded conflicting results. McQuay investigated acute tolerance to fentanyl in a perioperative study. He found no significant difference in postoperative pain, respiratory function and analgesic demands in patients who had received varying doses of perioperative fentanyl and who had significant differences in plasma fentanyl levels. He suggested that this supported the hypothesis of acute tolerance. 58 In contrast, Inturissi studied the pharmacokinetic-pharmacodynamic relationships of methadone during a brief infusion. Analysis of plasma concentration and analgesia during and after the infusion did not demonstrate a clockwise hysteresis, which would be expected if acute tolerance, or any other process that reduced analgesic efficacy during this brief period, had occurred. 42 Chapman and Hill studied patients with mucositis in a bone-marrow transplant unit. 13 Marrow transplant is used in the aggressive treatment of malignancies unresponsive to other therapies. High-dose chemoradiotherapy is used before bone-marrow transplant and toxicity from this is unavoidable. The onset of intensely painful mucositis, thinning and breakdown of mucosal tissue and mucosal desquamation is predictable. The condition develops a few days after transplant, intensifies rapidly and remains severe for 1-3 weeks until healing is complete. The pain is most severe in the oral cavity, rendering patients being unable to speak or eat without pain, and opioid analgesics are often needed.
Morphine usage in patients self-administering the drug for 2 weeks was compared with that in patients who received morphine via routine staff-controlled continuous infusion. In both groups, the morphine intake increased steadily over several days as the mucositis worsened and then levelled off. The selfadministering group used less morphine overall than the continuous-infusion group. There was no evidence of the development of tolerance in the group who self-administered morphine, whereas the group receiving the continuous infusion needed an increasing amount of drug to maintain the same level of pain control. Withdrawal symptoms did not occur in the self-administering group and this group stopped using morphine sooner than the continuous-infusion group. This study has been replicated with similar results showing no evidence of tolerance, withdrawal or addiction, 39 and suggests that patients do not increase their opioid dose unless there is an increase in pain intensity and that as this reduces, reduced morphine usage follows.
PROLONGED ADMINISTRATION
Houde and colleagues studied tolerance to analgesia in the patient with cancer pain. The analgesic effects of graded doses of morphine on pain relief were studied in 10 patients on two occasions 2 weeks apart; during this interval, patients received morphine analgesia. A clear shift to the right in the dose-response curve indicated a degree of tolerance to the analgesic effects of morphine. 41 In a study to compare the analgesic activities of diamorphine and hydromorphine, a relatively smaller analgesic response to these drugs was associated with a greater degree of opioid consumption in the 48 h before the start of the study. 96 
Cancer pain
Foley has written extensively on opioid tolerance in the cancer patient and critically addressed the extent to which tolerance limits the patient's ability to obtain adequate analgesia from opioid therapy during their illness. [27] [28] [29] She describes three patterns of drug use: (1) rapidly escalating doses of opioids, associated with escalating pain, anxiety or both; (2) stable doses of opioids, for periods of weeks or months, without dose escalation and reduction; and (3) discontinuance of opioid drugs with effective analgesia from anticancer therapies, neurolytic nerve block or neurosurgical procedures. These patterns have been described in outpatients, inpatients, in a group of patients with-terminal illness, 19 20 49 and also in a group of patients with non-malignant pain. 71 Many other studies have shown that most cancer patients with severe pain, taking opioids by a variety of routes, have long periods (weeks, months or years) of stable opioid dose. 5 8 34 83 92 In addition, Plummer has demonstrated poor correlation between the ratio of maximum dose/minimum dose (a measure of dose escalation) and the duration of extradural analgesia in a group of cancer and non-cancer patients. In fact, the morphine dose was more stable in patients with chronic non-malignant pain than in the cancer patients, suggesting that increasing nociceptive stimulus was the major influence on opioid dose. 70 While it is generally agreed that tolerance to opiate analgesia occurs, it does not appear to be a limiting factor. Dose escalation is considered to be predominantly a consequence of increasing pain as a result of increasing nociceptive input as the disease progresses. 17 19 20 28 29 49 83 92 Portenoy has elaborated on other major factors that are important for declining analgesia in the patient with cancer pain, and produced a "differential diagnosis" (table 2) . 74 Increasing nociceptive input may occur with disease progession. It may also occur with inflammation and with the development of peripheral or central neuropathic processes (for example, neuroma formation or expansion of receptive fields). Psychological processes, such as anxiety or depression, and alteration in cognitive state (for example, delirium 21 ) can also lead to worsening pain. Humans present a complex interplay of processes, and pain reporting can also change as a reaction to the responses of "significant others".
Portenoy concludes that loss of analgesic effects cannot be attributed to pharmacodynamic tolerance unless an alternative explanation for increasing pain cannot be found.
It has also been suggested that tolerance-like problems are more commonly seen in patients who have pain that appears to be relatively resistant to opioids. 4 The nature of opioid responsiveness is controversial. 24 There are two extremes of opinion. One view is that opioid responsiveness is a relative phenomenon, and that any pain can be controlled by opioids provided there is an adequate dose and control of adverse effects. 72 At the other extreme, some investigators believe that the lack of response can be predicted from the clinical characteristics of the pain. Nociceptive pain is thought to be responsive to opioids, whereas neuropathic pain is regarded as non-responsive. 4 6 51 52 However, recent studies have shown that pain judged to be neuropathic may be responsive to opioids, although it is generally less so than nociceptive pain. 44 61 Portenoy has proposed that opioid responsiveness is a continuum of responses, that can be defined operationally as the degree of analgesia obtained after upward dose titration to an end-point defined by analgesia or by the onset of intolerable and unmanageable side effects. Implicit in his conceptualization is the view that both patient-related and pain-related factors are important. 72 A validation study of the Edmonton staging system for cancer pain was able to identify patients who were relatively less likely to attain satisfactory analgesia during opioid therapy. 10 Features of these patients were an inferred neuropathic aetiology for the pain, the presence of incident pain, impaired cognitive function, major psychological distress, a high initial opioid dose, a rapid increase in opioid dosage (more than 5% of the initial dose per day) and a history of alcoholism or drug abuse. The pragmatic response of the clinician when the analgesic effect of the opioid becomes inadequate is to increase the dose. This is satisfactory if: (1) the dose given is sufficient to overcome the factors that have reduced the analgesic effects of the agent; (2) side effects do not limit the dose of drug that can be given; or (3) if the pathological substrate that mediates the pain remains opioid sensitive. A two-to 10-fold increase in dose may be necessary to achieve analgesia because the dose-effect relationship is based on a log dose concentration. As Foley has stated "the dose that works is the dose that works". 29 
Non-cancer pain
A continual increase in nociceptive focus is less likely in patients with non-malignant pain than those with cancer. Patients with non-cancer pain have demonstrated more stable morphine dosage that those with pain of malignant origin. 70 Penn has shown that tolerance to intrathecal morphine in non-malignant pain was not a problem and in his series dose increase was also related to increasing pathology. 69 Clinical surveys concerning the long-term use of opioids in patients with non-malignant pain are more limited than those in cancer patients, but have not shown the development of tolerance to be a clinical problem. 30 68 69 70 89 91 93 104 More objective data indicate that the minimum effective analgesic blood concentration of pethidine did not change significantly when measured over time (3-12 months) in three patients with chronic pain, and was independent of the route of administration.
SELECTIVE TOLERANCE
Various studies and clinical experience suggest that tolerance to different opioid side effects develop at different rates and this has been termed 'selective tolerance'. 89 Initial manifestations of opioid administration in most individuals are analgesia, sedation, nausea and vomiting, respiratory depression, pupillary constriction, constipation and euphoria or dysphoria. Tolerance to nausea and vomiting, sedation, euphoria and respiratory depression occur rapidly, while tolerance to constipation and miosis is minimal. 9 50 53 67 Constipation Constipation is the most common adverse effect of opioid analgesics when they are used for chronic cancer pain. Opioid analgesics bind directly to peripheral opioid receptors in the gastrointestinal tract, causing decreased peristalsis, diminished biliary, pancreatic and intestinal secretions and increased ileocaecal and anal sphincter tone. Stool transit time increases and desiccation of faeces results. If the clinical effect is sufficiently severe, opioids can produce narcotic bowel syndrome, which is characterised by nausea and vomiting, mild abdominal discomfort, constipation, gaseous abdominal distention and functional colonic obstruction. 81 As tolerance to constipation develops very slowly or not at all, constipation must be anticipated and treated prophylactically with adequate laxatives.
The development of tolerance to emesis and sedation is clinically apparent and obviously beneficial to the patient.
Nausea
Nausea has been estimated to occur in up to 40% and vomiting in 15% of ambulatory patients treated with opioids. In many patients it is an initiation side effect and resolves after a few days. As most patients will not develop nausea and vomiting while taking opioids, prophylactic antiemetic treatment is not usually indicated.
However, when patients are first prescribed opioids they should have ready access to antiemetics if these side effects occur. Then, the opioid and anti-emetic regimen should be concurrently administered in a regular fashion for 4-7 days. After this time, tolerance to emetic effects of opioids usually develops and the antiemetics can gradually be withdrawn. Patients may err by taking analgesia and antiemetics sporadically rather than regularly. Intermittent use in this way can impair the development of tolerance to this side effect, and patients should be advised accordingly.
Sedation
Sedation and cognitive impairment can be demonstrated during the administration of opioid analgesics by various routes. 84 Impaired concentration has resulted in sub-optimal treatment for pain when patient-controlled analgesia (PCA) has been used for severe mucositis. 13 However, tolerance to the sedative and cognitive effects of opioid analgesics usually develops rapidly, and these side effects are again most problematic at the start of treatment or when the dose is increased. Bruera showed that patients experience significant cognitive impairment after a recent increase in the dose of opiates but patients on a stable dose of opiate showed no evidence of cognitive impairment, thus suggesting that tolerance develops to cognitive effects. 9 This study also suggested that patients were less aware of cognitive impairment than other opioid-induced symptoms. Consideration needs to be given to these findings when patients request advice on driving, working and decision-making while taking opioid analgesics.
However, if sedation persists and pain control is adequate, a 10-25% reduction in dose or continuation of the same dose administered in smaller but more frequent boluses may lessen this side effect. Alternatively, the administration of oral methylphenidate on wakening and at midday is effective and safe in reducing sedative opioid effects.
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Respiratory depression
All opioid agonists have similar depressant effects on the brain-stem respiratory centre and respiratory depression is potentially the most serious adverse effect of opioids.
In man, death from overdose of an opioid is nearly always the result of respiratory arrest. When respiratory depression occurs as a result of opioid administration, it is usually in opioid-naïve patients after acute administration of an opioid; it is associated with other signs of central nervous system depression, including sedation and mental clouding.
Tolerance appears to develop rapidly to respiratory depression with repeated drug administration, allowing opioid analgesics to be used in the management of chronic cancer pain without significant risk of respiratory depression.
However, pain acts as an antagonist to the central nervous system depressant and in particular to the respiratory depressant effects of opioids. 36 37 59 60 McQuay has postulated that the respiratory centre in the medulla might receive nociceptive input. 59 Particular care is indicated in the continued management of patients receiving high doses of opioid who undergo a neurolytic or neurosurgical procedure that abruptly reduces nociceptive input. Removal of the stimulatory effect of the pain may lead to an unopposed opioid-mediated respiratory depressant effect, and may result in somnolence or respiratory depression. 36 37 In the case of a successful neuroablative procedure, the dose of opioid should be tapered and the patient carefully observed.
Opioid-induced respiratory depression is infrequent. Doctors' and nurses' inordinate fear of this complication is an important impediment to adequate control of cancer pain.
CROSS-TOLERANCE
Repeated doses of a drug in a given category confer tolerance not only to the drug being used but also to other drugs in the same structural and mechanistic category 67 ; this effect is known as cross-tolerance. Animal studies have shown cross-tolerance to be incomplete. 43 64 66 88 Neil demonstrated that mice pretreated with morphine were tolerant to morphine only, while methadone-treated mice were tolerant to methadone, morphine, codeine and D-propoxyphene and more so to morphine than to methadone itself. 66 Evidence suggests that incomplete cross-tolerance results from selective tolerance at different subpopulations of opioid receptors. It has been shown that a mu-selective drug induces only minimal tolerance at kappa or delta receptors. 88 Moulin has shown that rats chronically infused with levorphanol (an agonist at mu, kappa and delta receptors) develop substantial cross-tolerance to the analgesic effects produced by a dose of morphine (a relatively selective mu agonist), whereas rats infused with morphine demonstrate little tolerance when challenged with a dose of levorphanol. 64 This raises the possibility that there is clinical advantage in using morphine before levorphanol in the management of severe pain and indicates the need for controlled clinical studies to determine whether patterns of cross-tolerance between commonly used opioid drugs could dictate the sequence in which they should be used.
The patterns of cross tolerance to various opioids exhibited by patients are unpredictable, but appear to be incomplete. 25 Patients who have pain uncontrolled by morphine in spite of intolerable side effects may be switched to an alternative opioid that allows pain control to be achieved without disabling side effects. 1 12 26 31 The variability in response to different opioid drugs has important clinical implications. It has been suggested that in difficult pain problems, when dose escalation with morphine or any other opioid yields intolerable side effects, sequential drug trials may identify an opioid that provides the favourable balance between analgesia and side effects.
PHYSICAL DEPENDENCE
Physical dependence is defined as the potential for an abstinence syndrome, or withdrawal, after abrupt dose reduction, discontinuation of the drug or administration of an antagonist drug. 45 Physical dependence and withdrawal symptoms have been extensively studied and described in animals 56 78 and in man 22 53 (table 3 ). In the clinical setting, the lowest dose and shortest duration of treatment that may predispose to a significant abstinence syndrome is not known. Physical dependence probably starts with the first dose of an opioid drug and should be presumed to exist if opioids are given repeatedly for a few days. However, patients who receive therapeutic doses of morphine several times a day for 1-2 weeks will have only mild withdrawal symptoms that may not be recognized as such when the drug is stopped. Symptoms are even less pronounced when the drug is one that is slowly eliminated, such as methadone. However, by administering naloxone, an opioid antagonist, withdrawal symptoms can be precipitated after only one or two therapeutic doses of morphine, even in individuals who have no prior history of opioid dependence. 46 The prevention of unpleasant withdrawal symptoms has been suggested as a positive reinforcer for continued morphine self-administration in animals. 54 The fear of withdrawal has been considered to be one of the major forces behind persistent drug abuse in addicts.
Neither the prevalence nor the pattern of opioid withdrawal has been systematically studied in patients with pain. In the cancer population, effort is usually made to reduce opioid dose slowly in patients whose pain has been relieved by alternative methods, such as neurolytic block or radiotherapy, and with this practice withdrawal symptoms do not appear to be a problem. However, abrupt cessation of opioids or administration of opioid antagonists in this situation can result in classical withdrawal symptoms, which can be controlled by the resumption of lowdose opioids. 37 49 In a population with chronic non-cancer pain undergoing opiate reduction during an inpatient pain-management programme, withdrawal symptoms were not recorded as problematic. 77 The implications are that although patients who take long-term opioids may become physically dependent (and thus display an abstinence syndrome if the dose is abruptly decreased or an antagonist given), reduction and subsequent discontinuation can occur without adverse effects if the dose is tapered slowly.
ADDICTION
Standard definitions of addiction have been developed from experience with substance abusers and must be cautiously interpreted when applied to patients who are receiving a potential drug of abuse prescribed for an appropriate medical indication.
Addiction has been defined as "a behavioural pattern of drug use, characterized by overwhelming involvement with the use of a drug (compulsive use), the securing of its supply, and the high tendency to relapse after withdrawal". 45 A task force of the Panels on Alcoholism and Drug Abuse of the American Medical Association (AMA) Council on Scientific Affairs formulated the following definitions:
Addiction: "a chronic disorder characterized by the compulsive use of a substance resulting in physical, psychological or social harm to the user and continued use despite that harm". 79 Addict: a person who is physically dependent on one or more psychoactive substances, whose longterm use has produced tolerance, who has lost control over his intake, and would manifest withdrawal phenomenon if discontinuance were to occur.
Although the AMA Task Force decided to include the finding of physical dependence in the definition of an addict, the criteria for the latter still include the loss of personal control over drug use; the Task Force is thereby proposing a distinction between the addict and the physically dependent patient. Both these definitions emphasize that the development of addiction is a psychological and behavioural process.
Opioid pseudoaddiction
Pseudoaddiction has been used to describe the iatrogenic syndrome of behavioural changes similar to those seen with idiopathic opioid addiction that can develop as a direct result of inadequate pain management. 98 Uncontrolled pain from both malignant and nonmalignant causes (such as sickle-cell crisis, tuberculosis) combined with inadequate analgesia can result in increasing demands and bizarre drug-seeking behaviour by the patient. The patient feels angry and emotionally isolated from the health care team, who in turn try to avoid contact with the patient because of frequent pain complaints and demands for analgesia. These patients are often described as 'clock watchers'. A vicious cycle of anger, isolation, and avoidance lead to complete mistrust. The importance of recognizing this syndrome cannot be over-emphasized. Treatment strategies start by acknowledgement that the pain is real and the establishment of trust between the patient and the health care team.
Appropriate and timely analgesia to control the patient's pain then needs to be prescribed and given using scheduled rather than 'as required' dosing, with additional medication for breakthrough pain and frequent re-evaluation.
There is ample support both from animal studies and from observation of human addicts for the proposition that opioids are inherently reinforcing drugs. Addicts usually report euphoric effects from opioid drugs and it is thought to be this and the avoidance of the aversive effects of withdrawal that are involved in the pathogenesis of addiction. In contrast, administration of opioids to human volunteers and patients can produce dysphoria and not a consistent euphoria. 46 Although an improvement in mood has been demonstrated in post-operative cancer patients following the administration of morphine and diamorphine, this coincided with relief of pain. 46 48 Addiction has been shown to be more complex than just the result of repeated exposure to a drug. There was a high prevalence of opioid addiction among US soldiers in Vietnam; however, surveys of returning veterans demonstrated that a large proportion of those who abused heroin stopped this activity abruptly on return to a normal life in the US and that the relapse rate was low. 80 In sharp contrast, a group who underwent a 6-month inpatient treatment programme under the Narcotic Addict Rehabilitation Act were readdicted within 6 months of their release.
Addiction in patients with chronic pain
Two early surveys (in 1925 and 1939) of addicts undergoing treatment reported that 9% and 4% respectively began their addiction with a medical prescription of an opioid drug for a painful disorder. 73 In 1954, a report noted that 27% of white male addicts and 1.2% of black male addicts began abuse as medical patients treated for pain. 73 Surveys of addicted populations are clearly subject to bias and a different view has emerged from more recent data on medical patients who were assessed for the development of addiction after receiving opioids for the treatment of pain.
The Boston Collaborative Drug Surveillance Programme reported only four cases of well documented addiction in 11 882 hospitalized patients with no previous history of addiction who had received opioids. 76 Furthermore, abnormal drug-seeking behaviour was not seen when long-term opioids were used for postherpetic neuralgia, 68 phantom limb pain, 93 chronic spinal pain 30 and pain of mixed but well defined origin. 91 Taub described 313 personally treated patients with intractable pain who were maintained on opioid analgesics for up to 6 years. Only 13 patients presented serious management problems, and each of them had a history of substance abuse (opiates or alcohol). 89 Portenoy also identified this risk factor in his study of 38 patients treated with opioids for non-malignant pain; the two patients who required escalating doses of opioids each had a history of drug abuse. 71 However, Maruta found that 65% of 144 consecutive patients referred for chronic non-malignant pain management were abusing or dependent on (using their definition) weak and strong opioid drugs and had a strong family history of alcohol abuse. 57 Therefore, clinical experience suggests that there may be a spectrum of responses to pain in patients treated with opioids, ranging from appropriate and acceptable drug-seeking in patients with unrelieved pain to a group of clearly pathological responses that can occur even in those with severe pain. Most of the patients who developed drug-seeking behaviour had a prior problem with illicit drug abuse.
Redefinition of addiction in patients taking opioids for chronic pain
Portenoy has suggested redefining addiction in patients taking opioids for chronic pain as follows: "a psychologic and behavioural syndrome characterized by: (1) an intense desire for the drug and overwhelming concern about its continued availability (psychologic dependence); (2) evidence of compulsive drug use (characterized, for example, by unsanctioned dose escalation, continued, dosing despite significant side-effects, use of drug to treat symptoms not targeted by therapy, or unapproved use during periods of no symptoms); and/or (3) evidence of one or more of a group of associated behaviours, including manipulation of the treating physician or medical system for the purposes of obtaining additional drug (altering prescriptions, for example), acquisition of drugs from other medical sources or from a nonmedical source, drug hoarding or sales, or unapproved use of other drugs (particularly alcohol or other sedatives/hypnotics) during opioid therapy." 73 
USE OF OPIOIDS IN NON-MALIGNANT PAIN
The long-term use of opioid analgesics for the treatment of chronic non-malignant pain is controversial. The possibility of rapid dose escalation as a result of tolerance and the development of physical dependence, addiction and increasing disability have been major concerns. 57 82 However, clinical experience demonstrates that some patients with chronic pain derive benefit from opioids. 30 71 89 91 93 104 Current opinion is that there is a small group of patients with chronic non-malignant pain who may benefit from long-term opioid therapy. Guidelines have been produced to assist in the assessment, selection and subsequent management of patients who might be considered suitable for long-term opioid therapy. 35 62 73 75 90 OPIOPHOBIA Opiophobia is the phenomenon of failure to administer legitimate opioid analgesics because of a fear of the power of these drugs to produce addiction. 63 Underutilization of opioid drugs in acute and cancer pain results in unnecessary suffering. 2 63 106 The major reasons for this underuse are overestimation of the risks of opioid toxicity, intense concern among health care professionals, patients and their families about addiction and tolerance, legal sanctions that impede the prescription of opioid drugs to those who need them and a lack of systematic education. Undertreatment (in terms of both prescription and administration) also occurs because of custom and culture. Individuals perceived to be at greater risk of addiction, such as those who belong to the lower socioeconomic groups, the young and non-white patients may receive less opioids. 63 Zenz has eloquently rebutted the "morphine myths" relating to sedation, addiction and tolerance. 105 He has highlighted the overemphasis on the potential hazards of opioids, and calls for better education to reduce prejudice against their proper use.
Opioid tolerance in children
The development of opioid tolerance in children is variable and depends on the clinical context. When opioids are used to treat cancer pain in children, tolerance appears to develop quite slowly and, in most cases, dose escalation is caused by spread of disease rather than tolerance per se. The dose can be increased as in the adult patient to obtain pain relief, and dose increases are limited only by the occurrence of unmanageable side effects. The effective dose of a strong opioid will vary widely from child to child. Some patients will require a high dose to achieve pain relief.
As in adult patients, cross tolerance between opioids is incomplete. It is suggested that, if it is necessary to switch from one strong opioid to another, half the generally accepted conversion dose should be used initially, followed by upward titration as needed.
Tolerance to opioids appears to be rapidly reversible once administration is discontinued. Therefore, if the child has a history of requiring massive doses of opioids previously, but has recently had a drug-free interval, standard opioid doses should be used initially with escalation as necessary.
There is no evidence that preadolescent or adolescent children are at a higher risk of developing addiction or psychological dependence than the general population when given opioids for the management of pain.
However, in newborns receiving opioids to help them endure mechanical ventilation and extracorporeal membrane oxygenation, the development of opioid tolerance does appears to be problematic. 101 Fentanyl may produce tolerance more rapidly than morphine. In addition, it appears that tolerance will develop more rapidly if the opioid infusion is continuous rather than intermittent. Work is ongoing to ascertain whether tolerance is different in the neonate and to elucidate the factors influencing the development of tolerance in this group of patients.
Case report
The following case report illustrates many of the points about tolerance discussed in this review.
In 1988, a 52-year-old man was diagnosed with multiple myeloma and underwent conventional therapy for his disease. In 1992, he presented with pain in his right groin and X-ray examination revealed a myelomatous deposit in his right pubic ramus. Nausea and vomiting precluded morphine analgesia for the pain, which was subsequently relieved by radiotherapy.
In March 1993, the patient developed back pain and further myelomatous deposits were discovered. He began oral morphine 10 mg 4-hly; radiotherapy achieved little reduction in his pain and his medication was changed to sustained-release morphine 120 mg daily, with 10 mg immediate-release morphine for breakthrough pain. An episode of sepsis increased his morphine requirements to 160 mg daily. When this was treated with antibiotics, he reduced the dose again to 120 mg daily.
From May 1993 until August 1994, the patient's oral morphine dose was stable at 140 mg daily. Tolerance to analgesia was not clinically apparent. During this period, he required multiple laxative therapy and one inpatient admission for constipation.
In August 1994, he developed pain in his cervical and lumbar spine, occipital neuralgia and severe leg pain. Disease progression was confirmed by a rise in plasma light-chain levels and X-rays revealed a fracture of the spinous process of his second cervical vertebra and further deposits in his lumbar spine. Radiotherapy was helpful for the cervical pain but not the leg pain, which was relieved by an extradural steroid injection.
In April 1995, the patient developed pain in the lumbar region and down his left leg. Further lytic lesions were noted in his 4th lumbar vertebra, his left hemipelvis and his left femur. His morphine requirements rose to 800 mg per day. He underwent radiotherapy and started amitriptyline, with only moderate relief of his symptoms. In May 1995, a second extradural steroid injection was given. Three days after this, he had only minimal rest pain, though some incident pain, and had reduced his morphine to 120 mg per day with no obvious withdrawal symptoms. In July 1995, he developed a further lytic lesion in his right ilium. Temporarily his morphine intake rose to 1000 mg per day. After successful radiotherapy, he reduced this to 160 mg. Figure 1 illustrates the patient's morphine intake over the period described.
At the end of September 1995, he was admitted to hospital with increasing pain. His dose of morphine was rapidly increased. He became confused and developed myoclonic jerks. Investigations revealed pneumonia and acute renal failure, which were treated. The patient complained of increasingly severe pain in his back and right thigh in spite of increasing doses of s.c. diamorphine (600 mg per day) and midazolam, additional oral and i.v. morphine, oral non-steroidal anti-inflammatory drugs and other coanalgesic drugs.
It was decided to insert an extradural catheter and begin an infusion of diamorphine and bupivacaine. An extradural catheter was inserted at the level of L2/3 and the position verified with contrast medium. Following a bolus dose of bupivacaine 0.5% plain 10 ml, there was an immediate improvement in the patient's pain and no cardiovascular instability. An infusion of diamorphine and bupivacaine 0.25% plain was started. Twelve hours later, he became hypotensive (systolic blood pressure 70 mm Hg) and sensation to light touch was reduced up to the T9 dermatome. Cerebrospinal fluid was aspirated from the catheter. The infusion was altered to deliver diamorphine 4 mg in 4.8 ml bupivacaine 0.25% plain in 24 h and the next day an MRI scan was performed (Figure 2 ). This showed widespread bony metastatic disease and a large soft tissue mass arising from the lower thoracic vertebrae, destroying the vertebral bodies and encroaching on the spinal cord. The epidural catheter was noted to pass through the tumour and into the thecal sac.
Over the next 4 days the infusion needed to be increased to diamorphine 8 mg and bupivacaine 7.2 ml 0.25% plain over 24 h. Although the pain was controlled while the patient lay in bed, incident pain in his lumbar spine prevented any movement. Additional oral morphine, intrathecal clonidine (150 g/24 h), intrathecal midazolam (5 mg/24 h), s.c. salmon calcitonin and s.c. ketorolac (90 mg/24 h) was of no benefit. The incident pain could be improved by 1 ml bolus doses of intrathecal bupivacaine, which made the patient totally immobile but gave great relief.
An orthopaedic opinion was sought and the patient underwent spinal fixation from T6 to S1. After the operation his pain was managed by combined s.c. infusion of diamorphine 800 mg and midazolam 20 mg and a separate infusion of ketorolac 90 mg per day. Gradually his mobility improved and he was able to sit and transfer from bed to chair. On discharge home his daily oral morphine dose was 2.5 g. Figure 1 Daily morphine requirements (May 1993-September 1995) of a man diagnosed with multiple myeloma in 1988, at the age of 52 years. 1 : onset of pain; 2 : septic episode; 3 : disease progression (x-ray and haematological confirmation); 4 : disease progression; 5 : radiotherapy, steroid extradural injection, coanalgesics; 6 : disease progression; 7 : radiotherapy; 8 : disease progression.
However, he returned to the ward complaining of increasing incident pain in his lumbar spine and down his right leg. It was decided to substitute methadone for morphine. Methadone 60 mg four times daily was prescribed, with additional immediate-release oral morphine for his incident pain. Without doubt, his pain was significantly better controlled with methadone than it had been with morphine. Methadone was reduced to 60 mg three times daily and then to 150 mg per day and he needed little extra oral morphine for incident pain. He described his pain control as excellent.
Two months later, the patient's condition deteriorated and he was not able to take oral medication. A s.c. infusion of methadone (initially 50 mg/24 h, increased to 120 mg/24 h) gave good analgesia for the last 3 days of his life.
Conclusion
Tolerance to opioids has been clearly demonstrated in animal studies and the phenomenon occurs in humans with respect to both the analgesic and nonanalgesic effects of these drugs.
In clinical practice, analgesic tolerance is rarely a limiting factor during opioid therapy. Concern about tolerance does not justify delay in starting opioid therapy nor should it limit dose escalation in a patient with cancer pain. Patients and their families should be reassured that tolerance to opioid analgesia is not a clinical problem and that morphine will continue to relieve their pain for many months or years. Worsening pain occurring in a patient previously on a stable dose of opioid should never be attributed to the development of tolerance unless comprehensive evaluation fails to reveal an alternative explanation.
Prevention of the development of tolerance by NMDA antagonists and the recognition that there is incomplete cross-tolerance to both the analgesic and non-analgesic effects of opioids have important potential clinical implications. The pre-eminent question -whether the very presence of pain has some modulatory effect on the development of tolerancehas yet to be answered.
